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INTRODUCTION

Distributed Generation (DG) or distributed
power generation consists of small-scale electric
power plants installed directly in a system close
to the load centre, with a low voltage level.
Meanwhile, the Phasor Measurement Unit
(PMU) is useful for obtaining time-synchronised
phasor values for improving distribution network
characteristics and developing monitoring tools
to evaluate as well as reduce the impact of
intermittent DG. However, PMU application in
the distribution system is currently largely under-
explored (especially at the implementation
stage), which is primarily due to economic
factors. Therefore, this study designed a DG-
connected system to usefAMU with a solar cell
supply for monitoring the voltage and current on
each bus in the distribution system. This study
used four buses, each with PMU, enabling each

bus's voltage and phasor current to be
monitored.

A study by Haddad described a
classification technique for the DG sy m. The
proposed classification technique can detect and
classify local events, with a major impact on the
system's safety and operation. This technique is
implemented using the Artificial Neural Network
(ANN) pattern recognition feature, designed
optimally to classify parameters. A total of four
parallel ANN classifiers were used for
classification, and each artificial neural network's
output was arranged in vector form.
Furthermore, 310 samples connected to the
network were generated to test the system's
performance. The  application of this
classification to the DG system is helpful to
system operators [1].
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Meanwhile, Zakri et al. conducted fault
diagnosis in electric power transmission systems
with high sensitivity to power}ages. The Phasor
Measurement Unit (PMU) is a measurement for a
large area related to the monitoring system's
condition in a large area. This mdgsurement
system is to be carried out through monitoring,
controlling, and protecting by combining the
phasor measuring instrument's functions. In this
study, a PMU-based 9-bus system was designed
using the software. Affhe same time, the
simulation was run under three-phase short circuit
fault cofflitions and tested on the IEEE 9-bus
system with variations of 10%, 30%, 50%, 70%,
and 90% distances. Subsequently, the simulation
results were used as input for fault diagnosis to
determine the location of fault points on the IEEE
9-bus system [2].

Taufani also investigated the power flow
analysis for optimal DG locations and capacities
using the KE@eans clustering technique. This
technique is based on the Loss Sensitivity Factor
(LSF), and the voltage of each bus is used to find
a candidate locati@for DG installation. In this
study, the IEEE 33-bus and 69-bus systems
technique used was tested. According to the
EPhulation results and data analysis, in the IEEE
33-bus and 69-bus systems, power losses are
reducible by 87.5% to 25.3272 kW, and 69.84% to
67.4816kW, respectively. Furthermore, the
method can also determine the amount of DG with
a more optimal penetration level to reduce system
power losses. For example, the K-means
clustering method can determine the amount of
DG with a more optimal penetration level to reduce
power losses to a minimum of five DG units in the
IEEE 33-bus system [3].

Meanwhile, Revandy researched PMU
data with parameters of frequency, voltage, and
current and voltage and current phase angles [4].
The Suralaya Extra High Voltage (EHV) and
Cilegon 500kV Java-Bali TET electrical systems
were used to evaluate the power stability
conditions in two approaches: steady-state and
Thevenin Equivalent, as well as dynamic stability
with the concept of Frequency Domain Analysis
(FDA). Based on the evaluation results, the TET
Suralaya and Cilegon's stable conditions within
the range of 0.8442 - 0.9993 was concluded to be
the steady-state system. Furthemnore, the
dynamic stability approach seen from the
amplitude trend at the three phasors dominant
frequency shows the Suralaya and Cilegon
systems are also dynamically stable [4].

A study by Iswadi et al. were conducted
on Prony analysis to identify small-signal
oscillation mode parameters from the actual PMU
ringdown data. The well-known two-area four-

engine power system was considered a case
study. At the same time, the PMU ringdown data
was the latest, derived from the Irish power
system's 275kV dual circuit main interconnection
system. Thus, the Prony analysis for parameter
identification was based on the actual PMU
simulation, and the study results show EEJPMU's
optimal spread. In addition, various frequency
modes have been observed in the Irish power
system depending on the operating conditions.
However, this system is stable because the
oscillations have adequate system attenuation [5].

In this study, the DG system was designed
based on literature reviews from previous
research. However, the system added DG
sourced from solar cells in the existing distribution
network and was developed with the help of
Matlab/Simulink software. Zakri et al. studied the
development of PMU-based research for
monitoring voltage and current parameters for
system stability as applied to research, monitoring
fault diagnosis based on PMU on Wide Area
Systems (WAP) [2]. Meanwhile, Iswadi et al.
analysed Prony parameters for identification
based on PMU simulated using the existing
system [5]. In this study, a four-bus system has
also been built, and this comprises one DG, one
more generator, and two load types, each
connected to the PMU, to monitor the phasor
magnitude and phase angle for each.

METHOD

DG is a small-scale power plant that can
generate power between 1kW - 10MW connected
to a distribution network and connected to buses
directly supplying load centres or distribution
substations [6]. Conversely, DG is a power plant
serving customers directly or connected to a low
voltage system or a small generator with a
capacity of up to 50kW [7]. According to théSEEE
1547 standard, this is a directly connected Power
plant on the customer side, with a maximum
capacity of 10MVA  Solar cells are an
environmentally friendly renewable energy source
that converts solar energy into electrical energy.
Therefore, solar cells are widely used
semiconductor-based technologies that convert
sunlight into electrical energy. The solar panel
array uses the Sun Power SPR-315E-WHT-D type
with a 100kWp capacity and a 315,072W
maximum power output. In this simulation, data
input from the solar panels uses actual data from
testing and direct observation [8].

Figure 1 is £8)G system connected to a
solar cell module to convert solar energy into
electrical energy. The Maximum Power Point
Tracking (MPPT) algorithm provides the maximum
power point for the operation of the solar system,
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achieved using the P&O algorithm [9][10]ERIso,
the dc-dec [11] converter can ensure the output
voltage is greater than the network's peak voltage.
The main elements included in a conversion
system are solar cell modules, converters, utility
grids, dc and ac loads, as well as inverters
[12][13].

Phasor Measurement Unit (PMU)

A PMU is the equipment used for monitoring
purposes, capable of real-time monitoring and
synchronisation between two PMUs while
installed in the electrical system. This installation
shows two parameters, voltage and angle on the
bus and current and angle of the transmission line
[14][15]. Figure 2 shows a schematic of the PMU
using Global Positioning System (GPS) [16][17]
satellite signals to equalise the sampling time
between PMU, thus, enabling voltage and current
phasors to be measured continuously. Other
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benefits of this equipment include protection
system measurement, the combination of the local
frequency with harmonic measurement, zero
sequence current, and negative sequences, for
instance, voltage and current measurement in
general [7][18]. This research method was carried
out in stages, including designing system models
with Matlab/Simulink software, retrieving data
after system simulations, and analysing simulation
data [8]. Figure 3 shows a model built on the
Matlab/Simulink equivalent, where the system
consists of four buses, two loads at 20kV, two
power transformers, and four transmission lines.
The parameters used in designing a DG-
connected system are Matlab/Simulink. Figure 4
shows a series of boost converter topologies used
as a converter to be integrated with Maximum
Power Point Tracking (MPPT).
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Figure 2. Schematic of a PMU connected to the power grid [19]
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The MPPT P&O algorithm uses voltage and
current, where the voltage and current detected is
able to increase or decrease the duty-cycle the
boost converter circuit is provided. Also, the three-
phase inverter used to supply dc voltage is
obtained from a large capacitor connected to the
input terminal to reduce the harmonic feedback

Transmission 150 kKW

150 Ky T

and dc input to the source and a constant,
respectively. Figure 5 is a model design of a DG-
connected system with four buses, using PMU via
Matlab/Simulink. Subsequently, this system
simulation is run to monitor the phasor voltage and
current and collect data.

Figure 3. Single Line connected DG.
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Figure 5. The four bus in the Matlab/Simulink equivalent DG
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This formula is outlined [20],
Vs
(1-D)

The formula to determine a step-up transformer's
output voltage based on a formula with an
unknown winding value is given [21],

Vo = (1)

R 2)

Based on (2), the transformer's output voltage is
obtainable using (3),

Y
V= 3)

RESULTS AND DISCUSSION

The DG modelling design is obtained from
solar cells connected to a four-bus system, while
the simulation data results from testing without
DG. This chapter discusses the comparative
analysis before and after connecting DG, and the
calculation of data parameters on the boost
converter to produce a duty-cycle value is
calculated [9],

D=1 320 = 0.36
7500
The resistor value used in the simulation is
calculated as shown [22],

R = 200 _ 2.380Q
210 7
Subsequently, the minimum inductor value was
calculated [22],

0.36+(1-0.36)2
(2)+(20000)

Lonin = =877 *107%H

A capacitor is possibly found using the following
method [22] to reduce the voltage ripple effect
caused by switching,

B (500) * (0.36)
" (2.38) * (0.01) * (20000)

Figure 6 is a PMU module reading display
via Matlab/Simulink to monitor the current phasor
value for each phase. Also, the module can
display the voltage phasor value readings on each
phase based on the way of the measurement for
a large area. Basdf¥®n the simulation results, an
increase occurred in the magnitude of the E}ltage
and current at the load. The respective voltage
and current magnitudes at the load are 15.8kV and
114.2A, respectively. After connecting with DG,
the voltage value was 16.73kV, while the
magnitude of the cumrent at the load was 120.1A
and 120.6A, respectively. Thus, the DG system
using PMU has improved the quality of power
generated from the 150kV and DG networks, two
power sources. Table 1 shows DG plays a role in
keeping power stable and increasing energy
efficiency by reducing power losses in DG-
connected systems. 40

Meanwhile, Table 2 shows the magnitude of
the voltage at the load, and the current at each
PMU's load is stable, as seen in phases A, B, and
C. Table 1 shows the simulation results without
connecting to DG, and the value of each PMU
supplied from the 150kV network. PMU-2 data is
the result of monitoring the magnitude, voltage
angle, as well as current angle. Furthermore, the
150kV transmission line is supplied to the load at
the source.
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Figure 6. PMU module via Matlab/Simulink
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Table 1. Simulation results without DG

PMU Bus  Phase Current (A) Voltage (V)
A 2279 £114° 15.990 £-31,62°
Uz 2 B 2279 £-6,03  15.800 £-151,6°
] 2279 £-126°  15.990 £B8,38"
A 114,2 £114° 15.840 £-32,35°
PMU-3 3 B 114,2 26,03  15.840 £-162,3
] 114,2 £-126°  15.840 £B7 65"
A 114,2 £114,1°  15.860 £-32,23°
PMU-4 4 B 114,2 £-591°  15.860 £-152°
C 114,2 £-126 15.860 #87,77°
Table 2. Simulation results with DG
Current Voltage
PMU Bus Phase (A) V)
A 53,52 £45,53°  16.090 £-3201°
PMU-1 1 B 53,09 £-75.22°  16.110 £-152°
c 52,7 £165,6° 16.100 £87.91°
A 2161 £113,8°  16.100 £-31,77"
PMU-2 2 B 217.2 £-6,08°  16.120 £-151,8°
c 216,5 £-126,2°  16.110 £88.17°
A 115,2 £113,8°  16.000 £-32.42°
PMU-3 3 B 115,4 £-6,08°  16.020 £-152,4°
c 1154 £-126,2°  16.000 287,51
PMU-4 4 A 115,2 2113,9°  16.000 £-32,34"
B 1163 2-6,01°  16.020 £-162,4°
C 116,4 2-126,1°  16.000 «B87.59°

Meanwhile, PMU-3 and PMU-4 data
monitor the voltage and current magnitude and
angles on both loads. The voltage magnitude on
the stable load is seen in the three phases, at
15.84 kV for PMU-3, while the load voltage on
PMU-4's magnitude is seen in the three phases at
15, 86kV. Also, the load current in PMU-3 is also
stable, as seen in the three phases at 114.2A.
Figure 7 shows the current in PMU-4 is the same
as PMU-3. However, voltage and current from the
system simulation results need to be increased by
connection DG. Also, the PMU measurement
results are in the form of currenffdnd voltage
phasor values in each phase and in the form of
current and voltage phasor values in positive
order. Positive sequence current and voltage
phasors are used for comprehensive system
monitoring, which is possible at the control centre.

The three unbalanced phasor values are
possibly broken down into a balanced three-
phasor system in a three-phase system. A positive
sequence phasor value consists of three separate
phasors of the same magnitude and a phase
difference of 120 degrees. Table 2 shows the
simulation results connected to D@Egpbtained
PMU-1 data, the result of monitoring the voltage
and current magnitude as well as angle, for the DG
source. Similarly, PMU-2 data is the result of
monitoring these parameters on the 150kV
transmission line against the load, while PMU-3

and PMU-4 data monitor these parameters on the
load sid@JAccording to the simulation data results,
there is an increase in voltage and current at the
load. Initially, the voltages for each load were
15.84kV and 15.86kV, and the current magnitudes
of each load were 114.2A and 114.2A. However,
after connecting to DG, the voltage became 16kV,
and the load currents were 115.4A and 115.3A.
Thus, using this PMU, the DG system has
increased the power generated from the two
sources, 150kV and DG networks supplied to the
load. Furthermore, distributed generation has a
role in maintaining power stability in the load and
increasing energy efficiency by reducing power
losses in DG-connected systems.

The estimated percentage error of the PMU
output voltage is used to the ideal working
counterpart. The working voltage tolerance issued
by PLN is in the range of 5% to 10% of the 20kV
distribution network's nominal voltage. Therefore,
the PMU output voltage used by the distribution
network is 16.33kV and has been converted into
an equal value. Table 3 shows the percentage
error in the DG-connected test conditions. The
percentage of simulation error associated with DG
on PMU-3 and PMU-4 in phases A, B, and C, has
a smaller value of 0.02%. Meanwhile, without DG
contact for PMU-3 and PMU-4, the three phases
had error percentages of 0.03% and 0.02878%,
respectively.
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Table 3. The percentage results error of PMU voltage to the effective voltage

with DG without DG
Target of Output o Vol
PMU Phase effective utput Voltage
Voltage (V) Vg:‘:i'gg’;:i Error (%) of PMU (V) Error (%)
A 16.330 16.090 0,01469 - -
PMU-1 B 16.330 16.110 0,01347 - -
C 16.330 16.100 0,01408 - -
A 16.330 16.100 0,01408 15.990 0,02082
PMU-2 B 16.330 16.120 0,01286 15.990 0,02082
C 16.330 16.110 0,01347 15.990 0,02082
A 16.330 16.000 0,02020 15.840 0,03000
PMU-3 B 16.330 16.020 0,01898 15.840 0,03000
c 16.330 16.000 0,02020 15.840 0,03000
A 16.330 16.000 0,02020 15.860 0,02878
PMU-4 B 16.330 16.020 0,01898 15.860 0,02878
C 16.330 16.000 0,02020 15.860 0,02878

Analysis of the conditions before and
connection to DG has been conducted. The
results of the data from the simulations carried out
are shown above. In addition, Figure EBompares
the phasor voltage in the conditions before and
after the DG connection. This comparison shows
the systerffhcreased the voltage on each bus and
displays the positive sequence values of the
phasor currents and the phasor voltages before
and after DG connection.

Figure 8 compares the positive and
negative sequence values for phasor voltage to

16.150
16.100
16.050
16.000
15.950
15.900
15.850

Phasor Voltage (V)

15.800
15.750
15.700

PMU-2

M Phasor Voltage With DG (V)

distinguish between the conditions before and
after DG connection. In addition, the charnt shows
voltage rises while DG is connected to this four-
bus system. For example, before connecting the
DG on the load side, the PMU-3 and PMU-4
displayed positive sequence values for the
voltages of 15.84kV and 15.86kV, respectively.
Meanwhile, after DG connection to the load side,
the PMU-3 and PMU-4 display a higher value of
16kV.

I
A B A B C A B C

PMU-3 PMU-4

M Phasor Voltage Without DG (V)

Figure 7. Comparison of phasor voltages before and after DG
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Figure 8. Comparison of the phasor voltages' positive sequence before and after DG

Voltage Validation

In the modelling system built and simulated
using Matlab/Simulink, the voltage is read in the
measurement phase to neutral. The simulation
result voltage reading is validated using (1) in the
phase-to-phase voltage measurement. According
to (1), the switch in the converter is always open,
the value of D becomes zero, and the output and
input voltages are equal. However, as the duty
ratio increases, the denominator becomes smaller,
resulting in a larger output voltage. For example,
in the simulation results with 1000W/m? irradiation,
the resulting output voltage is 500.18Vdc.

2735
°7 (1-0.453)

The converter generates this output voltage
and is forwarded to the inverter circuit to be
converted into ac voltage. Meanwhile, the voltage
generated by the inverter is 207Vac, and this is
read as the phase-to-phase voltage. Compared
with the calculation results and simulation results
applied to (2), the results obtained are not very
different from the simulation results. This shows
the converter and controller work well in producing
the outpvoltage. In this case, the LC inverter
and filter convert the dc voltage to adffand the LC
filter filters the PWM signal as well as improves the
quality of power to be supplied to the grid utility.
The equation Elow shows a 207Vac voltage is
needed to the step-up transformer to generate a
voltage on the network.

= 500Vdc

N, 43
N, 330
The following equation was obtained by

comparing the number of turns in the primary and
secondary coils.

207 43
V. 330
207 43
W, 330
330 + 207
Vi=—73—
V, = 15,886.0465 V = 1.58kV

The transformer's output voltage supplied is
1.6*10* Vac, and this voltage is generated in
cases where the simulation is phase-to-neutral.
Subsequently, this is converted into a phase-to-
phase voltage, as shown.

16,100 % /3
Vp—p(bus 1) = — - 19,718.39Vac
16,000 + 3
Vp_p(bus 3) = —hn 19,595.92Vac
16,010 % v/3
Vp—p(bus 4) = — - 19,608.17Vac
CONCLUSION

Based on the DG system modelling design
and simulation results in this study, in the
distribution network before DG is installed, the
voltage supplied to the load side is 15.84kV and
15.86kV. Furthermore, the ideal working voltage
value on the distribution network is 20kV, which
has been converted to 16.33kV due to the PMU's
output voltage. Therefore, in designing a
distribution network connected to a Solar Power
Plant with a solar cell source, this system is able
to increase the voltage supplied to the load side,
up to 16kV. The value of the load side voltage
during DG connection was 16.33 kV. Thus, using
a PMU makes voltage and current data collection
and monitoring the magnitude and angle of the
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phasor on each bus much easier. The DG-
connected tefll has a very small error value,
especially at PMU-3 and PMU-4, with a value of
0.02%, respectively, compared to the DG-
connected test error of 0.03% and 0.02878%,
respectively. Therefore, the installation of DG in
this system was concluded to increase the
network's voltage, especially the stress on the
load side. The success parameter in this study
was bringing the stress on the load side close to
the ideal working stress target value, and this has
been successfully met.
ACKNOWLEDGMENT

This research was supported by the
Ministry of Research and Technology/National
Research and Innovation Agency (RISTEK-
BRIN), the Ré&lblic of Indonesia. We also thank
LPPM-UNRI, who provided insight and expertise
that greatly assisted the research.

REFERENCES

[1] R.J. Haddad, B. Guha, Y. Kalaani and A. El-
Shahat, "Smart Distributed Generation
Systems Using Artificial Neural Network-
Based Event Classification," in IEEE Power
and Energy Technology Systems Journal,
vol. 5, no. 2, pp. 18-26, June 2018, doi:
103 09/JPETS.2018.2805894.

[2] A. A. Zakri, M. W. Mustafa, H. Syaibi and I.
Sofimieari, "Monitoring Fault Diagnosis
Based on Phasor Measurement Unit at Wide
Area Systems," 2019 IEEE Conference on
Energy Conversion (CENCON), 2019, pp.
245-249, doi: 10.1109/CENCON47160.
2019.8974748.

[8] T. Kurniawan, “Study of 3 Phase Active
Power Flow in Radial Distribution System
With Determination of Optimal DG Location
and Capacity Using K-Means Clustering
Method,” Thesis, Institut Teknologi Sepuluh
Nopember, Indonesia, 2017.

[4] R. Revandy, "Power System Stability
Evaluation Using Synchronised Phasor
Measurement At Gitet Suralaya And Gitet
Cilegon," Thesis, Institut Teknologi Sepuluh

ember, Indonesia, 2015.

[5] Iswadi, R. J. Best and D. John Morrow,
"Identification of small signal oscillation mode
parameters from simulated and actual PMU
ringdown data," 2015 I[EEE Eindhoven
PowerTech, 2015, pp- 1-6, doi:
##21109/PTC.2015.7232327.

[6] X. Wang et al., "Micro-PMU for distribution
power lines," CIRED Open Access
Proceedings Journal, 2017, no. 1, pp.

[;]n A. A. G. Mabaning, J. R. C. Orillaza and A.
von Meier, "Optimal pmu placement for
distribution networks," 2017 |IEEE Innovative
Smart Grid Technologies - Asia (ISGT-Asia),
2017, pp. 1-6, doi: 10.1109/1SGT-
AsiffJ017.8378415.

[8] T. T. Tesfay, J. -Y. Le Boudec and O.
Svensson, "Optimal Software Patching Plan
for PMUs," in IEEE Transactions on Smart
Grid, vol. 9, no. 6, pp. 6500-6510, Nov. 2018,
Ei: 10.1109/TSG.2017.2714204.

[9] K. Rawy, F. Kalathiparambil, D. Maurath and
T. T. Kim, "A Self-Adaptive Time-Based
MPPT With 96.2% Tracking Efficiency and a
Wide Tracking Range of 10 $\mu$ Ato 1 mA
for loT Applications," in [EEE Transactions on
Circuits and Systems I: Regular Papers, vol.
64, no. 9, pp. 2334-2345, Sept. 2017, doi:
@21109/TCS1.2017.2693405.

[10] K. Mizuki, H. Yajima, S. Mineta, S. Sugita, N.
Yamashita and T. Babasaki, "Maximizing
power-supply time of DC power system with
photovoltaics and fuel cells," 2014 IEEE 36th
International Telecomm{Bications Energy
Conference (INTELEC), 2014, pp. 1-4, doi:
@3 1109/INTLEC.2014.6972191.

[11] D. K. Chy, M. Khaliluzzaman and R. Karim,
"Analysing efficiency of DC-DC converters
joined to PV system run by intelligent
controller," 2017 International Conference on
Electrical, Computer and CommunicdEgh
Engineering (ECCE), 2017, pp. 457-462, doi:
10.1109/ECACE.2017.7912948.

[12] I. Buyung and K. Azizi, “Portable Power Plan
Solar Cell,” Prosiding Seminar Nasional
Aplikasi & Teknologi, Yogyakarta, Indonesia,
2016, pp. 332-F.

[13] A. A. Zakri, A. Syahza, D. Hanafi, and H.
Syahadad, "Design and Modelling and to
Improve Battery Charging Efficiency using
Photovoltaics," Technology Reports of
Kansai University, vol. 62, no. 08, pp. 4667—
€7, 2020.

[14] V. Murugesan, Y. Chakhchoukh, V. Vittal, G.
T. Heydt, N. Logic and S. Sturgill, "PMU Data
Buffering for Power System State
Estimators," in [EEE Power and Energy
Technology Systems Journal, vol. 2, no. 3,
Pp- 94-102, Sept. 2015, doi:
10§31 09/JPETS.2015.2448115.

[15] A. Waqar, Z. Khurshid, J. Ahmad, M. Aamir,
M. Yagoob and |. Alam, "Modeling and
simulation of phasor measurement unit
(PMU) for early fault detection in
interconnected two-area network," 2018 1st
International Conference @ Power, Energy

333-337, 2017, doi: 10.1049/oap- and Smart Grid (ICPESG), 2018, pp. 1-6, doi:
cired.2017.0137. 10.1109/ICPESG.2018.8384491.

A. A. Zakri et al., Distributed generation installed by the phasor measurement unitto ... 45




SINERGI Vol. 26, No. 1, February 2022: 37-46

[16] F. Zhu, A. Youssef and W. Hamouda,
"Detection techniques for data-level spoofing
in GPS-based phasor measurement units,"
2016 International Conference on Selected
Topics in Mobile & Wireless Networking
(MoWNeT), 2016, pp. 1-8, doi:
E21109/MoWNet.2016.7496634.

[17] T. Y. Mina, S. Bhamidipati, and G. X. Gao,
"GPS Spoofing Detection for PMUs Using a
Hybrid Network Goals for Power Grid
[3dernization," 2018.

[18] T. Becejac and P. Dehghanian, "PMU
Multilevel End-to-End Testing to Assess
Synchrophasor ~ Measurements  During
Faults," in [EEE Power and Energy
Technology Systems Journal, vol. 6, no. 1,

i 71-80, March 2019, doi:
@21109/JPETS.2019.2900064.

[19] J. Sexauer, P. Javanbakht and S.

Mohagheghi, "Phasor measurement units for

the distribution grid: Necessity and benefits,"
2013 IEEE PES Innovative Smart Grid
Technologies Conference (ISGT), 2013, pp.
1-6, doi: 10.1109/ ISGT.2013.6497828.

[20] D. W. Hart, "Commonly used ower and
Converter Equations," in Power Electronics,
EEZAGraw-Hill, NY, US, 2011.

[21] J. D. Glover, M. S. Sama, and T. Overbye,
Power System Analysis and Design, 4"
Biition, CL Engineering, Thailand, 2012.

[22] P. Choudhary and S. N. Mahendra,
"Feedback control and simulation of DC-DC
Cuk converter for solar photovoltaic array,"
2016 IEEE Uttar Pradesh Section
International Conference on Electrical,
Computer and Electronics Engineering
(UPCON), 2016, pp. 591-596, doi:
10.1109/UPCON.2016.7894721.

46 A. A. Zakri et al., Distributed generation installed by the phasor measurement unit to ...




Paper 1

ORIGINALITY REPORT

29, 25, 18 12«

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

publikasi.mercubuana.ac.id

Internet Source

/%

Submitted to Visvesvaraya Technological

University, Belagavi
Student Paper

2%

e

lppm.unri.ac.id

Internet Source

T

-~

pure.qub.ac.uk

Internet Source

T

o

loannis Mandourarakis, Vasiliki Gogolou,
Eftichios Koutroulis, Stylianos Siskos.
"Integrated Maximum Power Point Tracking
System for Photovoltaic Energy Harvesting
Applications", IEEE Transactions on Power
Electronics, 2022

Publication

T

Submitted to Universitas Mercu Buana
Student Paper

T

=

Ugonna Anuebunwa, Geev Mokyrani.
"Optimal Energy Resource Allocation in

T



Isolated Micro Grid with Limited Supply
Capacity", 2021 International Conference on
Smart Energy Systems and Technologies
(SEST), 2021

Publication

journal2.um.ac.id

Internet Source

T

Lecture Notes in Electrical Engineering, 2015.

Publication

%

—
-

Sukriti Tiwari, Ashwani Kumar, Vedik Basetti.
"Multi-Objective Micro Phasor Measurement
Unit Placement and Performance Analysis in
Distribution System using NSGA-II and
PROMETHEE-II", Measurement, 2022

Publication

%

—_—
—

dr.ntu.edu.sg

Internet Source

T

—
N

Submitted to Tshwane University of
Technology

Student Paper

T

—
w

sinergi.mercubuana.ac.id

Internet Source

%

B

Louise Stroyov, Sophiya Patel, Rafig Ali.
"Innovative fuel cell deployment in telstra's
network and key learnings from the field",
2017 IEEE International Telecommunications
Energy Conference (INTELEC), 2017

%



Publication

journal.unnes.ac.id

Internet Source

T

oaktrust.library.tamu.edu

Internet Source

(K

Shubhendra Vikram Singh Chauhan, Grace
Xingxin Gao. "Synchrophasor Data Under GPS
Spoofing: Attack Detection and Mitigation
Using Residuals", IEEE Transactions on Smart
Grid, 2021

Publication

T

Sadasiva Behera, Nalin B. Dev Choudhury,
Debasis Tripathy. "Brief Study on Applications
of Phasor Measurement Units in Smartgrid
Technology", 2021 1st International
Conference on Power Electronics and Energy
(ICPEE), 2021

Publication

T

Azriyenni Azhari Zakri, Mohd Wazir Mustafa,
Herman Syaibi, Ibim Sofimieari. "Monitoring
Fault Diagnosis Based on Phasor
Measurement Unit at Wide Area Systems",
2019 IEEE Conference on Energy Conversion
(CENCON), 2019

Publication

T

jrar.org

Internet Source

(K




doaj.org

Internet Source

<1%

Shreyas Kulkarni, Deepak Divan. "An Edge-
Intelligent, Clip-on Rogowski Current Sensor
with Wide Dynamic Range", IEEE Sensors
Journal, 2019

Publication

<1%

HR Iswadi, Robert . Best, D. John Morrow.
"ldentification of small signal oscillation mode
parameters from simulated and actual PMU
ringdown data", 2015 IEEE Eindhoven
PowerTech, 2015

Publication

<1%

export.arxiv.org

Internet Source

<1%

N
Ul

Rami J. Haddad, Bikiran Guha, Youakim
Kalaani, Adel ElI-Shahat. "Smart Distributed
Generation Systems Using Artificial Neural
Network-based Event Classification", IEEE

Power and Energy Technology Systems
Journal, 2018

Publication

<1%

Submitted to College of Engineering, Pune
Student Paper

<1%

Submitted to University of Nottingham

Student Paper

<1%




www.researchgate.net
Internet Source g <1 %
aruda.kemdikbud.go.id
%ternetSource g <1 %
repository.poliupg.ac.id
IntePnet Sourcey p pg <1 %
repository.umsu.ac.id
InteEr)wetSourcey <1 %
Milidu Jayaweera. "A Novel Deep Learning <1 o
GPS Anti-spoofing System with DOA Time- °
series Estimation", 2021 |[EEE Global
Communications Conference (GLOBECOM),
2021
Publication
download.atlantis-press.com
Internet Source p <1 %
Kayal, Partha, and C.K. Chanda. "Placement of <1 o
wind and solar based DGs in distribution °
system for power loss minimization and
voltage stability improvement", International
Journal of Electrical Power & Energy Systems,
2013.
Publication
Mahmoud, Karar, Naoto Yorino, and Abdella <1 o

Ahmed. "Optimal Distributed Generation
Allocation in Distribution Systems for Loss



Minimization", IEEE Transactions on Power
Systems, 2015.

Publication

Paul T. Myrda. "Recommended Approach to a <1 o
NASPInet Architecture", 2012 45th Hawaii ’
International Conference on System Sciences,

01/2012
Publication

Tamara Becejac, Crystal Eppinger, Aditya <1 y
Ashok, Urmila Agrawal, James O'Brien. ’
"PRIME: a real - time cyber - physical systems
testbed: from wide - area monitoring,
protection, and control prototyping to
operator training and beyond", IET Cyber-

Physical Systems: Theory & Applications, 2020
Publication
citeseerx.ist.psu.edu

Internet Source p <1 %
doku.pub

InternetS(F))urce <1 %
researchrepository.murdoch.edu.au

Internet Source p y <1 %

"Advances in Power Systems and Energy <1 o

Management", Springer Science and Business
Media LLC, 2018

Publication




Toufik Tarif, Ahmed Amine Ladjici, Yasmina <1 o
Chabane. "Optimal PMU placement for small- ’
signal stability assessment using Genetic
algorithm", 2018 International Conference on
Electrical Sciences and Technologies in
Maghreb (CISTEM), 2018
Publication
cyberleninka.or

In%grnet Source g <1 %
dokumen.pub

Internet Source p <1 %
jpeds.iaescore.com

I‘rlw'[:grnet Source <1 %
scholar.google.com

Internet Sourcge g <1 %
Ali Ehsan, Qiang Yang. "Optimal integration

. o <l%
and planning of renewable distributed
generation in the power distribution
networks: A review of analytical techniques”,

Applied Energy, 2018
Publication
David Macii, Grazia Barchi, David Moser. <1 o

"Impact of PMUs on state estimation accuracy
in active distribution grids with large PV
penetration”, 2015 IEEE Workshop on
Environmental, Energy, and Structural



Monitoring Systems (EESMS) Proceedings,

2015
Publication
Rajasekhara Reddy Chilipi, Bhim Singh, <1 o

Srinivasa Murthy. "A New Voltage and
Frequency Controller for Standalone Parallel
Operated Self Excited Induction Generators",
International Journal of Emerging Electric
Power Systems, 2012

Publication

Exclude quotes Off Exclude matches Off

Exclude bibliography Off



